ABSTRACT Duration of tonic immobility and heterophil to lymphocyte ratio (indices of fear and stress, respectively) were compared in hens having very poor or perfect plumage at 72 wk of age. Five Spanish breeds of chickens (Castellana, Andaluza, Vasca, Villafranquina, and Leonesa) were used. There were significant differences among groups in terms of tonic immobility duration and heterophil to lymphocyte ratio (P < 0.05). Very poorly
INTRODUCTION
Feather loss is considered a criterion of hen welfare and can indicate that stress has been present. An example is the force molting of laying hens, in which stress is deliberately imposed, usually by deprivation of feed. In addition, feather loss increases the danger of skin injures and is unattractive to the human observer.
The relationship between feather loss and indicators of fear is not clear, although feather cover has been reported to be related to fearfulness, the better feathered birds are less fearful than those with poorer feathering. Choudary et al. (1972) reported that pullets housed in long, narrow cages had marked feather loss and were frightened by the slightest observer movement. Hughes and Duncan (1972) found that birds with the least pecking damage had the lowest fear scores, whereas the severely pecked hens in cages were the most fearful. Adams et al. (1978) observed that birds with the most feather damage were the most fearful. Ouart and Adams (1982) , reported that birds with better feather cover tended to be less fearful. Braastad and Katle (1989) found that laying hens selected for low efficiency of food utilization had poorer plumage and showed more agitation, and Na-Lampang and Craig (1990) reported a negative correlation between nervousness and feather score. To whom correspondence should be addressed: jlcampo@inia.es. 549 feathered hens showed shorter tonic immobility (243.03 ± 26.81 s) and higher leukocyte ratio (0.42 ± 0.02) than did hens with a perfect plumage (322.32 ± 26.81 s and 0.35 ± 0.02, respectively). Differences were consistent across the breeds. Thus, hens with very poor plumage were less fearful and more stressed than hens with a perfect plumage. The results suggest that very poor plumage is associated with indicators of fearfulness and stress.
On the other hand, Webster (2000) found that laying hens during a feed withdrawal-induced molt vigorously pecked novel objects, and Campo and Alvarez (1991) reported that feed withdrawal significantly decreased the duration of tonic immobility, suggesting that feed-deprived birds were less fearful.
The relationship of plumage condition with measurements of stress has not been studied, although Alodan and Mashaly (1999) found an increase of the heterophil to lymphocyte ratio in laying hens with induced molting, indicating that molted birds were under more stress. Similarly, Zulkifli et al. (1995) reported that leukocyte ratios were higher in feed-deprived layers, and Maxwell et al. (1992) found that restricted-fed broilers showed significant increases in the leukocyte ratio.
The purpose of the present study was to test the relationships between the plumage condition, the duration of the tonic immobility reaction (a traditional measurement of fearfulness; Gallup, 1979) , and the heterophil to lymphocyte ratio (a measurement of stress; Gross and Siegel, 1983) in five different Spanish breeds of chickens.
MATERIALS AND METHODS
Five different Spanish breeds of chickens (Black Castellana, Black-red Andaluza, Barred Red Vasca, Red Villafranquina, and Birchen Leonesa) were used in this study. All these breeds are maintained at the experimental station of El Encín (Madrid, Spain) in a conservation program of genetic resources started in 1975 (Campo and Orozco, 1982) and have been described by Campo and Orozco (1980) , Campo and Alvarez (1988, 1993) , and Campo (1998).
Plumage condition was assessed at 72 wk of age, using a three-point, feather-scoring scale (from 1 = very poor to 3 = perfect) for five body parts: back, tail, neck, breast, and wings (total score from 5 to 15). A similar scoring method was used by Tauson et al. (1984) and Hill and Hunt (1978) . A total of 120 hens was sampled, equally divided into two groups. Group 1 consisted of 60 hens (12 hens of each breed) with very poor feathering, showing feather loss in each of the five body parts (five points of total feather score). Group 2 consisted of 60 additional hens (12 hens of each breed) showing perfect feathering (15 points of total feather score). Hens from each breed had been previously housed in five different pens (75 hens and 15 cocks each) at 52 wk of age, with a raised slatted floor covering a droppings pit and straw litter on the rest of the floor. Hens were fed a standard layer diet (containing 16% CP, 2,700 kcal ME/kg, 3.5 Ca, and 0.5 total P); feed and water were supplied ad libitum, and the photoperiod was 14 h light:10 h darkness. Feeders, drinkers, and nest boxes were in the slatted floor area.
On two different days, hens were tested for tonic immobility duration and heterophil to lymphocyte ratio at 72 wk of age. Testing took place between 0900 and 1400 h. Tonic immobility was induced as soon as a bird was caught, by placing the hen on her back with the head hanging in a U-shaped wooden cradle (Jones and Faure, 1981) ; the bird was restrained for 10 s. The observer sat in full view of the hen, about 1 m away and did not stare at the bird because of the fear-inducing properties of eye contact. If the bird remained immobile for 10 s after the experimenter removed his hands, a stopwatch was started to record latencies until the bird righted herself. If the bird righted herself in less than 10 s, it was considered that tonic immobility had not been induced, and the restraint procedure was repeated. If the bird did not show a righting response over the 10-min test period, a maximum score of 600 s was given for righting time.
To obtain the heterophil to lymphocyte ratio, hens were carried to a separate room, and blood was collected immediately. Two drops of blood were taken from a small puncture in the comb of each bird, and each drop was smeared onto a glass slide. The smears were stained using May-Grü nwald and Giemsa stains (Lucas and Jamroz, 1961) , approximately 2 to 4 h after preparation with methyl alcohol fixation. One hundred leukocytes, including granular (heterophils, eosinophils, and basophils) and nongranular (lymphocytes and monocytes), were counted on one slide from each bird, and the heterophil:lymphocyte ratio was calculated.
A two-way analysis of variance (Sokal and Rohlf, 1981) was used according to the following model: x ijk = µ + T i + B j + TB ij + ε ijk , where x ijk is the analyzed measurement (tonic immobility duration, heterophil to lymphocyte ratio, and its numerator or denominator) of treatment i and breed j, µ is the overall mean, T i is the effect of treatment (very poor vs. perfect feathering), B j is the effect of breed (j = 1 . . . 5), and ε ijk is the residual (k = 1 . . . 12). Treatments and breeds were considered to be fixed. Logarithmic (tonic immobility duration) or square root (heterophil to lymphocyte ratio) transformations were used for analyses of variance, but actual mean values are presented. Significance was at P < 0.05. Significant differences among breeds were determined using the Student-NewmanKeuls' multiple-range test (Snedecor and Cochran, 1980) .
RESULTS AND DISCUSSION
Mean values indicating the effect of the plumage condition on fear and stress measurements are summarized in Table 1 . Hens with very poor feathering showed significantly shorter tonic immobility duration (75%) than hens with perfect feathering in all body parts, suggesting that they were less fearful. Neither breed nor treatment by breed interaction was significant for tonic immobility duration. Tonic immobility duration of hens with bad plumage condition was consistently shorter than that of hens with good plumage condition for all five breeds. The maximum difference occurred with the Castellana breed (189 ± 60 vs. 315 ± 60 s).
This finding disagrees with results reported by other authors, who found an association between poor feather condition and more fearfulness, although the assessment of fear was made by various methods reflecting response to novel stimuli (Hughes and Duncan, 1972; Ouart and Adams, 1982) , nervousness (Na-Lampang and Craig, 1990), or behavioral differences between laying hens with different degrees of feathering (Choudary et al., 1972; Braastad and Katle, 1989) . Although Adams et al. (1978) reported that hens with the most feather damage were also the most fearful, the experiment was not devised to measure this relationship with a more objective test. Similarly, Choudary et al. (1972) reported that hens with poorer feathering had a greater frequency of agonistic acts (fighting, peck avoidance, threat avoidance, and avoidance), an indicator of hen welfare. Although quantitative data were not available to confirm flightiness in these hens, marked feather loss supported that idea. Extreme avoidance behavior has been associated with extensive feather loss (Hansen, 1976) .
On the contrary, the results agree with the findings by other authors with regards to the association between feather loss during an induced-molt feed withdrawal and less fearfulness, measured with the novel object method (Webster, 2000) or the tonic immobility method (Campo and Alvarez, 1991) , indicating behavioral differences from normal conditions. This result is consistent with that reported by Hembree et al. (1980) , who found that feeddeprived hens had significantly more fights, pecks, threats, and avoidances than did control hens, and increased aggression was manifested by hens after withdrawal of feed (Webster, 2000) , perhaps indicative of frustration.
The number of inductions required to achieve the tonic immobility reaction did not differ significantly in either group, with approximately 20% of hens requiring two inductions and 8% of hens requiring three inductions. Differences among breeds were significant for the number of inductions; the treatment by breed interaction was not Means within the same effect and column with no common superscript differ significantly (P ≤ 0.05).
1
In each of the following body parts: back, tail, neck, breast, and wings (five points of total feather score).
2
In each of the following body parts: back, tail, neck, breast, and wings (15 points of total feather score).
significant. The number of inductions was significantly greater in the Castellana than in the other breeds (Table  1) , as hens of this breed appeared to be less fearful based on the number of inductions. For this breed, approximately 62% of hens required more than one induction. The number of inductions differed significantly between the Andaluza and Vasca breeds, with approximately 29 and 8% requiring more than one induction. The heterophil to lymphocyte ratio was significantly higher (120%) within the group of hens with very poor feathering than within the group of hens with perfect feathering (Table 1) ; hens of the former group appeared to be more stressed than those of the latter. The leukocyte ratio differed significantly among breeds; that of hens from the Castellana breed was significantly less than those from the other breeds (Table 1) . The treatment by breed interaction was not significant. The heterophil to lymphocyte ratio increased consistently for the poor feathering group of hens in the five breeds. The maximum difference corresponded to the Andaluza breed (0.48 ± 0.05 vs. 0.35 ± 0.05).
This finding is in agreement with results reported by Alodan and Mashaly (1999) , with regards to the association between feather loss in laying hens during an induced-molt feed withdrawal and more stress and with that reported by Zulkifli et al. (1995) in laying hens subjected to feed deprivation. Similarly, Maxwell et al. (1992) found a significant increase for the heterophil to lymphocyte ratio in restricted-fed broilers.
In hens with very poor feathering, there was an increase in heterophil number and a decrease in lymphocyte number (Table 1) , but this heterophilia and this lymphopenia were not significant. The effect of breed was significant for both leukocyte numbers, and the treatment by breed interaction was not significant. The breed with the highest heterophil number (Andaluza) differed significantly (Table 1) from the breed with the smallest heterophil number (Castellana), whereas the Castellana breed differed significantly from the Vasca and Leonesa breeds for lymphocyte number.
